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Emulsion-based methods such as microfluidics [7, 8] , are appropriate to study nucleation because it is statistically better to have hundreds of independent small-volume nucleation experiments (typically in the nanoliter range) instead of one larger volume experiment (typically in the microliter to milliliter range). Nucleation frequency depends on volume: the smaller the volume, the longer the induction time, which increases the supersaturation range to be experimentally accessible [9] . However, we have recently demonstrated, using a simple thermodynamics model relying only on the existence of a critical size and the evolution during nucleation and growth process of the supersaturation in a confined system (a small droplet), that there is another, unforeseen, influence of volume on nucleation from the picoliter range to a smaller range [10] , in agreement with experimental results showing the effects under nanoscopic confinement [11] [12] [13] [14] [15] . In these smallvolume systems, unexpected high-supersaturated metastable solutions are observed due to this confinement effect. In other words, below a critical initial supersaturation, no nucleation can occur. This is because the depletion of the solution decreases the supersaturation, thus increasing the critical size that needs to be reached. In essence, however much the precritical cluster chases the critical size, it can never catch it [10] .
In the experiments presented in this Letter, supersaturation is generated via the droplet contraction technique [16] . Aqueous phase microdroplets of controlled size, ranging from nanoliter to femtoliter, are generated in oil by a fluidic device developed in our group (Fig. 1) [18] . Experiments are performed under an optical microscope (Zeiss Axio The diffusion of the solvent, water, into the oil drives the creation of high supersaturation. As pointed out above, we expect greater metastability for finite-sized systems (smallvolume systems). The NaCl concentration is qualitatively monitored through the evolution of the optical contrast between the droplet and the continuous phase (the oil). At t ¼ 0, the refractive index of the 4.5 M NaCl solution is 1.373 and when the solution concentrates during diffusion of water the refractive index increases. Here it was vital to identify a medium matching the refractive index of the droplet at the time of nucleation. After extensive experiments, we identify n-dodecane (refractive index ¼ 1:422) as the most suitable continuous phase, as supported by the fact that nucleation occurs when microdroplets disappear. NaCl concentration is thus estimated from a relation between concentration and refractive index (Tables 71  D-252) [21] . Using this estimation, we calculate the supersaturation in the droplets at the nucleation time to be > 1:97. Supersaturation ß is defined as the ratio of the NaCl concentration in solution versus the solubility concentration of NaCl, 5.42 M at 20 C in water [22] . Note that nonconfined NaCl solutions spontaneously nucleate at > 1:03.
Once supersaturation is established, the usual approach is to wait for nucleation events, which cannot be precisely predicted in space and time, to occur. The time of observation of detectable crystals therefore cannot be equated with the induction time, because the growth rate is not known. In our approach, we know where nucleation will occur-in the microdroplets (Fig. 2) -and we have a fast growth rate due to confinement (% 10 m=s) [15] . Because of the fast growth rate, the time required for the newly formed nuclei to grow to a detectable size is negligible with regard to the induction time. Thus, the time when a detectable crystal is observed is really the induction time. However, even though we realize spatial control of nucleation via confinement in the microdroplet, experimental results summarized in Table I clearly illustrate that nucleation is still stochastic. Complete statistical analysis of induction time distribution [1, 24] obtained with this setup is beyond the scope of this Letter, but is in progress in our group.
Here we focus on spatial and temporal control of nucleation and its consequences. We use a sharp tip to induce a single nucleation event by touching the supersaturated metastable microdroplet of KCl solution [ Figs. 3(a) and 3(b) ]. The period when the microdroplet can be touched is either determined from the above experiments, like that presented in Fig. 2 (where the period is between the time when supersaturation is established and the induction time, see Table I ), or can be estimated by a trial and error method: the droplet is repeatedly tapped a Induction time t is the difference between the time of appearance of a crystal in the microdroplet and the time when supersaturation is established, that is to say when water diffusion from microdroplet into oil is stopped. When the solute concentration increases, the vapor pressure of the mixture decreases. This effect stops evaporation, giving rise to a highly supersaturated droplet, as observed by Tang et al. [23] . Induction time is estimated optically from the variation of the refractive index, here t ¼ 1269 s.
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week ending 8 JULY 2011 with the sharp tip during the generation of supersaturation by water diffusion. In both cases, once the threshold level of supersaturation is reached, tapping launches nucleation instantaneously (Fig. 3) . The time between tip contact and observation of nucleation is shorter than 0.1 s (at the resolution of our image acquisition system, 10 Hz). Note that we also succeeded in controlling nucleation with a wide variety of aqueous phases, namely KNO 3 , CaSO 4 Á 2H 2 O, NaCl, glycine, and bovine pancreatic trypsin inhibitor.
We used a different tip approach, increasing tip penetration, with droplets of NaCl solutions. This too launched instantaneous nucleation, but here the crystal remains attached to the tip during growth Fig. 4(i) ]. Note that in our experiment, during this operation a second crystal nucleated [indicated by an arrow in Fig. 4(k) ]. Finally, the crystal is withdrawn from the microdroplet [ Fig. 4(l) ]. This ability to handle the crystal holds great promise for numerous applications.
This Letter shows how we achieve spatial and temporal control of nucleation, yielding the first direct method for studying nucleation. We conduct our nucleation experiments in two steps: first, we stabilize unusually high supersaturated solutions and, second, we induce a structural transformation via mechanical contact at precisely determined points. This is in line with the two-step nucleation theory and with recent experimental results obtained on protein crystallization [25, 26] showing that when liquid-liquid phase separation occurs, microdroplets of protein-rich phases (high concentrated solutions) are stable [25, 27] with respect to nucleation. Moreover, any disturbance, for instance a crystal touching the dense droplets [26] , triggers nucleation.
Because of the deterministic nature of the nucleation experiments presented in this Letter, investigation of the critical cluster is now possible. We already have the tools to observe such small groups of molecules and now we know where and when the critical cluster will appear.
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